Methylene blue directly oxidizes glutathione without the intermediate formation of hydrogen peroxide.
Methylene blue stimulates the oxidation of glutathione in red blood cells in vitro and in vivo. This oxidation has been attributed to hydrogen peroxide that is generated from the autooxidation of leucomethylene blue arising from the reduction of methylene blue by NADPH. In this report we present evidence that methylene blue directly oxidizes glutathione and that oxidation of glutathione by hydrogen peroxide is a secondary reaction. Moreover, superoxide dismutase has no effect on the oxidation. Under aerobic conditions, methylene blue oxidizes glutathione 30 times faster than the spontaneous autooxidation of glutathione. Under anaerobic conditions the stoichiometry of the reaction of methylene blue with glutathione supports a direct chemical reaction. The reaction rates between glutathione and methylene blue suggest a second order reaction over the conditions tested. That neither oxygen radical formation nor significant amounts of hydrogen peroxide are produced by methylene blue, even in the presence of added glucose, is further confirmed by the failure to detect significant amounts of lipid peroxidation products, or hemolysis, in red blood cells incubated with the dye.